Averaging in Hamiltonian systems with slowly varying parameters by Sari,  Tewfik
HAL Id: inria-00072214
https://hal.inria.fr/inria-00072214
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Averaging in Hamiltonian systems with slowly varying
parameters
Tewfik Sari
To cite this version:










   



















ap por t  
de  r ech er ch e 
THÈME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)














-VD]] @BADF[SaNPEXaU`AoNP_\oSa\<FhKNT_UWX b F>_`eh`NPpFU`ADF-]FZDFh(SaR/Su]Fh(Sa4NYZo\oh`NPZoeNP\DRPF-S]Z b U`X
b NP_WeQo_W_IUWADF,\oS]hdUWNPeQDRPS]heS4_dF!X]#_dNPZD]RPFhWFQDFZpec_`c^_kUWFE!_U`AoFeS4_dF!X]_`c^_kUWFE!_{NYU`AeX]Zo_dUWS]ZU
hWFQDFZoeNPF_IS]Z b UWADF!eS]_`FX]/+SaEGNYRYU`X4ZDNTSaZ_`c^_kUWFE!_F!_`ADXVADXVUWADF!_kUWh`X4pX_`eX]\DNTe{EGFUWADX b 
AoNPe(A[NT_#SGEGFU`AoX b X]UWADFZDX4Zo_kU(SaZ b Sah b \<Fh`U`QDhWoSaU`NPX]Z-U`ADFX]hWc,Xa b NY<Fh`FZU`NTSaR"FQoSaU`NPX]Zo_oeSaZ[pF
Qp_dF b NPZUWADNT_BNPZ b Xa\Dh`X4DRPFE!_vF{]NP]F2VS]h`NPX]Qo_/Ff^S]EG\DRYF>_/ADNPe(ANPRYRPQo_dU`h(SVU`F+U`AoFI_`NPEK\oRYNTeNYUkcSaZ b
UWADF{FFeU`NP]FZDF_W_BXaU`ADF{EGFUWADX b 
 ¡W¢£ V¤] gFhdUWQDh`pSVU`NPX]Z-U`AoFX]hWc]D+SaEGNPR¥UWX]ZDNTSaZ[_dc^_dU`FEG_DSu]FhWS]]NPZDoO_dU`hWX]<X4_WeX]\oNPe+EGFU`AoX b 









-  ðG #$ )-

#-
. / ##$#  7
	[

    FoQ^U b FeFU-S]hdUWNPeRYFF>_kU b F b eh`NPhWFRPFÔ\DhWNPZoeNP\pF  Z  h(SaR b FRTSÆEGXVc]FZDZDNT_`SaU`NPX]Z
FU b F b NT_`eQ^UdUWFhRPFeS]_\oSah`U`NTeQDRPNPFh b F__`c^_kUWCEGF_ÃQDZoFh  QDFZoeF]2eFRPQDN b F_-_dc^_dU`CEGF>_ b X4Z4U
RPF_,h  QDFZoeF_,_`X]ZU-eX]Zo_dUWS]ZU`F_,FU-eFRPQDN b F>__`c^_kUWCEGF_AoSaEGNPR¥UWX]ZDNPFZo_+ZµEGX]ZU`hWFÔeX4EKEGFZ4U
S]\D\DRPNPQDFh b SaZo_ieF_7\DhWX]oRYCEKF>_7RPS+UWFe(ADZDNTQDF b F_kUWh`X4pX_`eX]\DNPF]aQDNoF_dU7QoZDFBE  U`ADX b F b FRPS+U`A  X]hWNPF
ZoX]Z!_kU(SaZ b Sah bKb F_i\<Fh`U`QDhWoSaU`NPX]Zo_ b  4QpSVU`NPX]Zp_ b NY  h`FZ4UWNYFRYRPF_+Z b X]ZDZoF\DRYQp_dNPFQDh(_ Ff^FEG\DRPF_ QDN
NPRPRYQo_dU`hWFZURTSK_`NPEK\oRYNTeNYU b F{RTSKE  U`AoX b F{FU2_`X]ZQ^U`NPRYNYU  






 ! " s
# #
$&%'  £ ¤a)( £ ' *
+ -,  u./( ' .0( '21 ( ' .  4¡43  65   '    1     Ñ 7
yDY|98 b NPS]oSVUWNPe;:¾ZOVSahWNPS]Z4U(_ {I{I{{ {I{I{{I{I{ {I{{I{I{I{{ { <
yD y @BAoF  X]hWFZU4=+\<FZ b QDRYQoE I{I{{ {I{I{{I{I{ {I{{I{I{I{{ { >
*@?"A   £  £ > £CB (    A £ ¤ D
soY|9E2X]Z2S]EGNYRYU`X4ZDNPS]ZgFhdUWQDh`pSVU`NPX]Zp_[ {I{I{{I{I{ {I{{I{I{I{{ { t
so yF82\D\DRPNPeSVUWNYX4Zo_2{I{{I{I{I{{ {I{I{{I{I{ {I{{I{I{I{{ { ~
so s @BAoF{F]X4RYQDU`NPX]ZX]UWADFS]eU`NPX]ZVSahWNPS]DRYF {I{{I{I{ {I{{I{I{I{{ {|>z
so H L^NYZD4RYF·hWFQDFZoec-_dc^_dU`FE!_{I{{ {I{I{{I{I{ {I{{I{I{I{{ {|4|
7 1     Ñ ¢ (Ì AHG £ '  '  3  65   ' (   $I+
HpY|9JLK-M@BADFX4h`c I{{I{I{I{{ {I{I{{I{I{ {I{{I{I{I{{ {|uy
Hp y g h`F>eF_W_`NYX4Z-X]ðU`AoF{\DRPS]ZDFUMFh(eQDhWc{I{I{{I{I{ {I{{I{I{I{{ {|H
N -,  u./( ' .0( 'PO  Q( Ì £ ' ( 'R1     Ñ $IN
<DY|9JL8;M @BADFX4h`c I{{I{I{I{{ {I{I{{I{I{ {I{{I{I{I{{ {|)>
<D yF82h`ZoX]R b-b NYQo_dNPX]Z[{{I{I{I{{ {I{I{{I{I{ {I{{I{I{I{{ {|)>
STS ±UDÒ WVWÒ
H    

   ò

:¾ZZoSVUWQDh`FX]ZDFXaÌUWFZÔFZoeX4QDZU`Fh(_2_`c^_kUWFE!_+ADNPe(ASahWF_`EGS]RYR\<Fh`U`QDhWoSVUWNYX4Zo_#X] QDZD\<Fh`U`QDhW<F b _`c^_k
UWFE!_B@BAoFQDZD\<Fh`U`QDhW<F b EGXaUWNYX4Z[NP_+S]_W_dQDEGF b U`X!<FeX4EG\DRYFU`FRYc b F_WehWNPpF b @BADFE!SaNPZ\DhWX]DRPFE
NT_/U`X b F_WehWNY<F U`ADF{\<Fh`U`QDhW<F b EGXaU`NPX]Zð7@BAoF{\Dh`X4DRPFE X]UWADF{EGXaU`NPX]ZXa7\DRTSaZDFUW_S]h`X4QDZ b U`ADFLOQoZ
eSaZ!<F2hWFSah b F b S]_mS{\<Fh`U`QDhWoSVUWNYX4Z!Xa"UWADF2NPZU`F4hWS]DRPF\Dh`X4DRPFE XaU`AoF2EGXaUWNYX4Z,Xa"ZDX4ZDNYZUWFh(S]eUWNYZo
\oRPS]ZDFU(_{SahWX]QDZ b SDf^F b eFZ4UWFh{X]BSaUdU`h(S]eU`NPX]Z !@BADFGQDZo\pFhdUWQDh`<F b \DhWX]oRYFE b FeX]EG\<X4_`F_INPZ4UWX
	
JIF\DRPFh\DhWX]DRPFE!_DADFh`F	-NP_#U`ADF{ZOQDEpFh#Xa7\DRTSaZDFUW_  I 
 6   SaZ b  W 	
6	 SahWF
UWADFEGX4_dU FFeU`NP]FEGFUWADX b _iX4h _kUWQ b cONYZo_dQoe(AG\<Fh`U`QDhW<F b EGXaUWNYX4Zo_7#NT_dU`X]hWNTeSaRPRPc{U`ADF>_dFEGFU`ADX b _
ApSu]FISahWNP_`FZNYZ-U`AoF{mX4h`,X]  Sa]h(SaZo]F+S]Z b  Sa\oRPS4eFIX]Z[_dF>eQDRTSah\<Fh`U`Qoh`oSaU`NPX]Zo_/X]\DRTSaZoFUW_
vFeX4Zo_dN b FhBU`ADF{QDZo\pFhdUWQDh`<F b _`c^_kUWFE b FoZDF b X4Z! #" $ &%(')+*," -k|/.
AoFhWF102NT_,S]ZX4\pFZµ_dQDp_dFUGX]4365 $ 078NP_GUWADF9	 b NPEKFZo_`NYX4ZoSaRBUWX]hWQo_BSaZ b%(':*0;3<"@BAoF,VSahWNPS]DRYF>_=>')/?@"AAAB", 5 *ISahWFDCEohW_dUNPZU`F4hWS]RP_XaU`AoF-_`cO_dU`FE[ +ZÃFS4e(AUWX]hWQo_FG eX]Zo_dUUWADFG\DAoS4_dF>_ $ H' $ ?I"AAAB" $  *S]h`FGeXOX4h b NPZoSaU`F_@BADFhWFQDFZpeNPF_ISahWFJ%(':*(')%<?I')+*,"AAAB"K%  ':*,*`@BAoFcS]h`FKeX]Zp_kU(SaZU X4ZF>S]e(AUWX]hWQo_"oQ^USahWFVSahWcONYZDh`X4E U`X4h`Qo_2U`XUWX]hWQo_@BAoF \<Fh`U`Qoh`<F b _`cO_dU`FE NT_#S   IL<MONW!  _`cO_dU`FE XaU`ADFIX4h`EP;QIRS')T" $ "UQV*U" $ W%(':*YXZQ/[+'+" $ ",Q\*," -·yV.




 `/  eX]Zo_`NP_dUW_2XaòhWF\oRPS4eNPZD,UWADF\<Fh`U`Qoh`<F b _dc^_dU`FEc-yV.2cUWADF ! 	 ed
 !  W f;QhgP'KfS*," gP'KfS*6 i']@^6*  jlk#m RS')T" $ ", #*n $po -°s\.
@BAoNP_{\oh`NPZoeNP\DRPF,hWFRPNYF>_{X]ZvU`AoF,pFRYNPFUWAoSVU{UWADF-_`RPXVqVSahWNPS]DRPFa+'qU*+SaZ b UWADF_`X]RPQ^U`NPX]Z&f6'qU*+XaBU`ADF
Su4Fh(Sa4F b _`c^_kUWFE[>N¥UWAIU`ADFò_WSaEGFiNPZDNYU`NTSaR4eX]Z b N¥UWNYX4Z >_`ADX4QDR b <FòeRYX_dF7UWX]]FU`ADFh"XV]FhU`NPEKF ihr Qð@BAoNP_\oh`NPZoeNP\DRPF b XOF>_òZDX]U/S]RYBSuc^_ RPFS b U`XUWADFIeX]hWhWFeU/SaZo_`mFhmS]Z b U`AoF QDF>_kUWNYX4Z,Xa"UWADF eX]hWh`F>_d\<X]Z b FZoeF
<FUk/FFZUWADF_`X]RPQ^U`NPX]Zo_BX]<XaUWA[_`c^_kUWFE!_BNT_/°SahBhWX]E <FNPZD,eX4EG\DRYFU`FRYc_`X]RP]F b -X]h#EGX]hWF b FU(SaNPRP_
_`FFPsP|ut \oS]]Fy@v4sX4hws yhtð\oSa4FG|sVvl.
@BADNT_+\oSa\<Fh+NP_+X]hW4S]ZDN =F b S]_#X]RPRYXV#_-:¾ZLOF>eU`NPX]ZvyGmF]NP]FSIjkQp_kUWNxpeSVUWNYX4ZÔXa7U`AoFSu]FhWS]]NPZD
\oh`NPZoeNP\DRPF2X4h/_`NPZD]RPFh`F>QDFZoecK_`c^_kUWFE!_ 8+_BSaZ-S]\D\DRPNPeSVUWNYX4Z,mF+]FUmUWADF S b NTSaoSaU`NTe#NPZVS]h`NTSaZUW_ X]h
+SaEGNPR¥UWX]ZDNTSaZ,_`c^_kUWFE!_4N¥UWA,X]ZoF b F4h`FFXahWFF b X]E[ :¾ZLOFeU`NPX]Z,s{/F b F>_`eh`NPpF#U`ADF _kUWh`X4pX_`eX]\DNTe
EGFU`ADX b SaZ b _dADXV ADXV U`XQo_dFN¥U,UWXÃX]DUWSaNPZÀS b NPS]oSVUWNPe[NPZOuS]h`NTSaZU(_R:¾Z9LOFeU`NPX]ZµHÃ/F]NP]FÔS
jkQp_kUWNxpeSVUWNYX4Z X]#U`ADFSu4Fh(Sa]NPZDÔ\oh`NPZoeNP\DRPFX]h!_dc^_dU`FEG_KNYU`A eX4Zo_kU(SaZUKh`F>4QoFZoeNYF>_ :¾Z LOF>eUWNYX4Z












lmX4Zo_`N b Fh UWADF _`c^_kUWFE Xa ')C X i *°¸FQoSVUWNYX4Zo_ -yV. ADFhWF 	a i  82_W_dQoEKF2U`AoSaUmUWADF+h`F>4QoFZoec %(':*b XF>_{ZDX]UVSaZDNT_dAð8+_`_`QDEGFGU`AoSaUU`AoF-_`X]RPQ^U`NPX]Z&f6'qU*2X]BU`ADFSu4Fh(Sa4F b _`c^_kUWFE -°s\.{NP_ b FuoZDF b X]h 
&q
 ihr Q
?A O£    $ W T'qe"UQ\* 6   IL ! 
\W  KN 6 `  I4ed  !  W   f6'qU* 4 6
OI 






BIW +'qe",Q\*  
 b W f6'qU* W  
  ihr Q 6 
     NW/! #"  $ )IW &% 
   '("   :bu0)I) +'qe",Q\*+*WfS'qU* )-,  aNW  , Q , 'Yd  
Wq
 ihr Q   KN /lmX]Zp_dN b Fh/UWADFe(AoSaZo]FIXauS]h`NTSaoRYF
. ;FXZQ0/B'+" $ *U" /B'1." $ *6 i%('1.* 2(34 'gP'1.*5* RS'6."87 "U *K* n97
@BAoNP_Be(AoS]ZD]F#X]ðVSahWNPS]DRPF#UWS]]F>_ UWADF+\<Fh`U`Qoh`<F b _dc^_dU`FE -yV.òNYZU`XU`AoF Su4Fh(Sa]F b _dc^_dU`FE UWXAoNPe(AS
_`E!SaRPR"\pFhdUWQDhWoSVUWNYX4Z-X]X]h b Fh(Q;: NT_#S bob F b=<. ;QhgP'6.*TXZQ :?> '6." $ "UQ\*
+4FhU`NPEGF ihr QuU`ADF#_`X]RPQ^U`NPX]Z@.P'qe",Q\* XapU`ADNT_ò_`c^_kUWFE NT_ eRPX4_`F/U`XIUWADF#_dX4RYQDU`NPX]ZfS'qU*ðXa<U`AoF#Su]Fh(Sa4F b_`c^_kUWFE -°sl. LONPZoeFA.P'qe",Q\*NP_/eRPX4_`FU`X +'qe",Q\*`4U`AoF b F>_dNPh`F b hWF_`QDR¥UòX]RPRYXV#_ -ÌX]hmEGX]hWF b FU(SaNPRP_/_`FFsP|ut
\pSa]F{y@v]Hl. B
CDFE G(HJIFKML-KMNOI&PRQTSUVKVWIXKYSN$Z
lmX4Zo_`N b Fh#S,2S]EGNYRYU`X4ZDNPS]Z_dc^_dU`FE NYU`AX]ZoF b F4h`FF{Xa7h`FF b X4E[ 82_W_`QDEGF{U`AoSaU#U`AoF2S]EKNPRYU`X]ZoNPS]Z[=']\B"8^ "8_B* b F\<FZ b _X]Z[_`X]EGFI\oSah(SaEGFUWFh`_ð @BADF{FQoSaU`NPX]Zo_BX]EGXaUWNYX4Z-AoSu4F U`ADFIX4h`E
^ba [a \ 'c\B"&^ "d_ *U" \e*fa
[
a ^ ']\B"8^ "8_B* o -Hl.
:¸g_NT_meX]Zo_dUWS]Z4UòU`ADFZ!U`ADF2U`X]UWSaR<FZoFhW]cih2j[ ']\ 'qU*U"&^ 'qU*U"8_B*iNP_meX]Zp_dFh`4F b SaZ b U`ADF+\DAoS]_`FUWhWSajkFe
UWX]hWNYF>_ISahWFKeQDh`4F_lk'6hD"8_B*#XamF>QoSVUWNYX4Zm[ 'c\B"8^ "8_B*(nh!GvFGNYZU`hWX b QoeFGS4eUWNYX4Z^¸S]ZD]RPFVS]h`NTSaDRPF_
X4hBU`ADF+SaEGNPR¥UWX]ZDNTSaZ[_dc^_dU`FE>-H ./ADFhWFo_[NP_2eX]Zp_dN b FhWF b S]_S Df^F b \oS]hWS]EGFU`Fh <
&T']\ "&^ "8_B*," $  $ ']\ "&^ "d_ * EGX b ]I^ o
@BAoF/S4eU`NPX]ZVSahWNPS]DRYFmNP_ b FuoZDF b S4_ X4RYRPXV#_T82_W_`QDEGFòUWAoSVU7U`AoF/\oAoS]_`FòUWhWSajkFeU`X]hWcok'6ha"d_ *"NT_ieRPX4_`F b 
lmX4Zo_`N b FhBU`ADFeRPX4_`F b \DAoS]_`FIU`h(SVjkF>eUWX]hWc,\oS]_W_`NYZDKUWADh`X4QD]ASK\<X]NPZ4U ']\B"8^l*` :¸U2pX4QDZ b _+_dX4EGF hWF4NYX4Z
NPZU`ADF\DAoS]_`FI\DRTSaZDF4m@BADFS]h`F>SX]UWADNP_2h`F]NPX]ZNP_ b FZDX]U`F b Oc]I^ T']\B"8^ "8_B*` :¾Z-UWADF{VSahWNPS]DRPF_< $
UWADF2S]EGNYRYU`X4ZDNPS]Z_`c^_kUWFE>-°Hl./NT_ b F_WehWNPpF b Oc!UWADF2S]EGNYRYU`X4ZDNPS]Zp[=']\B"8^ "8_B*6R[=')T"8_B* <
! #" $ qa [a  ')T"8_B* - <V.
STS ±UDÒ WVWÒ
>    

8+_`_`QDEGF U`AoSaU-_;Q/q(òL^cO_dU`FE -°Hl.mpF>eX4EKF>_
^w a [a \ ']\ "&^ "UQ/qU*U" \e* a
[
a ^ ']\B"8^ ",QhqU* o ->\.
?A O£    +  N6wN 4 Tb %('+"d_ * a [ r a +'+"d_ * KN  !  W 
   IL6IW)W  )IWT']\ "&^ "d_ * 




/ KN6L !   	8  6 
    BT']\ 'qU*,"8^ 'qU*U",QhqU* 
  C   b    WL 
  ihr Q   KN  :¾Z,UWADFIVSahWNPS]DRYF>_< $ UWADF{_dc^_dU`FE N¥UWA_`RYXVRPcGVSahWcNPZDK2SaEGNPR¥UWX]ZDNTSaZ ->l. NT_ b F>_`eh`NPpF b Oc
UWADF2S]EGNYRYU`X4ZDNPS]Zp[=')T"8_B*YX=Q
Z')T" $ "8_B* <
*(Qa 
a $ ')T" $ "d_ *U" _!Q\" $ ba
[
a  '+"d_ *YXZQa


a  ')T" $ "8_B* -t@.
AoFhWF
 NP_w]@^\<FhWNYX b NTeNYZ $ GLONPZoeF %(')T"8_B*  D @BAoFX]hWFE |KNT_ S]\D\DRPNPeSaDRPF]KLONYZpeFU`ADFGEGFS]Z
VS]RYQDFXaiUWADF b Fh`NPVSVUWNY4F a 
 r a $ XaòS\pFh`NPX b NPeQDZoeU`NPX]ZNT_+FQoSaRðU`X =FhWXopU`AoFSu]FhWS]]F b _`c^_kUWFEApS]_/U`AoFIX]hWE f! Di@BAOQo_T'qe",Q\* hWFE!SaNPZo_BZDF>SahWRYc,eX]Zo_dUWS]ZUBXV4Fh/U`NPEGF ihr Q4 B
E2XaU`NTeFU`AoSaU2U`AoF{X]hWE -¸t@.BX] _dc^_dU`FE ->l.NT_ZDXaU+X]^U(SaNPZDF b UWADh`X4QD]A_dU`h(SaNP]AUdX4h`BSah b eSaRTeQDRTSV
UWNYX4Zo_T:¸U/ZDFF b _ UWADF++SaEGNPR¥UWX]ZDNTSaZGX4h`E!SaRPNT_dE&Xa"UWNYEGF b F\<FZ b FZU/eS]ZDX]ZoNPeSaRDUWhWS]Zo_dX]hWEGSaU`NPX]Zo_8-X]h
EGX4h`F b FUWSaNPRT__dFFsP|ut \pSa]FyVvVv\.
CD6C  W5SN5S-H! 	"
@BAoFI_`E!SaRPR X4_WeNPRPRPSaU`NPX]Zo_/Xa7SK\pFZ b QDRPQDE SahWF b F_WehWNY<F b Oc!U`ADF b N¥FhWFZU`NTSaR"F>QoSVUWNYX4Z
#$ X % : $ ; :" % : ;[ r&% -°~\.
AoFhWF % NT_7U`AoFRYFZDaUWAX]pUWADF\pFZ b QDRPQDE[l[IU`ADF#eX]Zo_dUWS]Z4UiX]<4hWSuONYUWSVUWNYX4ZSaZ b $ UWADF#SaZo]QDRTSah b FNTSVUWNYX4Z 7@BADF/S4_`_`X^eNTSVUWF b 4FeUWX]hSoFR b U`Xa-°~l.ðNPZ\oAoS]_`F/_`\oS4eF '6^ $ "6\ $ *"NP_iS 2S]EGNYRYU`X4ZDNPS]Z_`c^_kUWFE
NYU`A[_`RYXVRPc!VSahWcNPZDG2S]EKNPRYU`X]ZoNPS]Zp[ 'c\B"8^ "8_B*S('c\:X %:@'_ *^0:) r ]^i@BADFI\DApS]_`F+UWhWSajkFeU`X]hWNPF_/SahWFFRYRPNP\o_dF>_{XaF>4QpSVU`NPX]Z [ 'c\B"8^ "8_B*4qh,@BADF-_dFEKNY¾SVf^F_IX]/UWADNT_FRPRPNY\o_`F,SahWF+* -, ]h r %('1_B*+SaZ b.  , ]hG@BADF,SahWFSX]/UWADF,hWF4NYX4Z<X]QDZ b F b OcU`ADNT_FRYRPNY\p_dF!NT_^/* .  ]@^+h r %('_ *W@BAOQo_U`ADFS4eUWNYX4Z-VSahWNTSaDRPF+NT_8jh r %('_ *W:¸ UWADFKRYFZDaUWA % X]iU`ADFK\pFZ b QDRPQDE NT_ _dRPXVRYcVSahWcONYZDpoUWAoSVUINT_T%ÀNT_+S,QDZoeUWNYX4ZX]Q/qBAoFhWF QNT_2_`E!SaRPR·pOc@BADFX]hWFE y^oU`ADFhWSaU`NPXfha'qU* r %('QhqU*/Xa7U`ADFU`X]UWSaRFZDFh`4c h  ' $ :8X=%: $ :@* r ]U`XU`ADFhWFQDFZoecvhWFE!SaNPZo_{ZDF>SahWRYcveX4Zo_kU(SaZUXV4FhIU`NPEGF iIr Q b F_`\DN¥UWF,XaBUWADF,°S4eUUWAoSVU ha'qU*ISaZ b %('Q/qU*E!Suce(ApSaZD4F{cQoSaZU`NYU`NPF_#Xa7X]h b Fh{|4m@BADNT_EGX b FR/S4_B\Dh`X4\pX_dF b Oc_iNYZp_kUWFNPZSaZ b  X]hWFZU={SVU
UWADFLOX4RYXVBSuclmX]ZD4h`F>_`_ NPZQK/hWQ^f^FRPRYF>_INYZ |/vD|]|U`X[FfO\oRPS]NYZÑADXV NYZvU`AoF KmX4ADhSVUWX]EGNTeEGX b FR·U`ADF
h(SVUWNYX4ZGXa<U`ADF#FZDFhW]cU`X{UWADFhWFQDFZoecXa SaZGFRPFeU`hWX]ZGNT_òeX4Zo_dUWSaZU>]F4FZGNY<UWADF#FRYF>eU`hWX]ZGEGXV]F>_iNPZ
SKVSahWcONYZoKFRYF>eUWh`X4EGS]]ZDFU`NTe(pFR b ò@BADFNYhFfO\oRPS]ZoSVUWNYX4Z-BS]_BoS4_dF b X4ZU`ADFI°S4eUU`ApSVUU`AoF{uS]h`NTSVUWNYX4Z
X]+UWADFÔ_`QDh`hWX]QoZ b NPZDFRYF>eUWh`X4EGS]]ZDFU`NTeoFR b NP_!4FhWcÃ_dRPXV'eX]EG\oS]h`F b UWXÑU`ADFADNP]AhWFQDFZoecÃX]
UWADF{FRPFeU`hWX]Z  LOAoX]h`U`RPc-SVÌUWFhW/S]h b _mNYU2Sa\o\pF>SahWF b UWAoSVU2QoS]ZU`QDE'EKF>e(AoSaZoNPe_B/S4_BEKX4h`F{_`QDNYUWSaoRYF U`X






 ! " t
   )-  	 m . 
Ï$/)- 
@BAoF   \4ub  `/
)b" )Id NT_SEKFU`ADX b XaU`ADFIZDX4Zo_dUWSaZ b Sah b \<Fh`U`QDhWoSaU`NPX]Z,UWADFX4h`c!X] b NYFhWFZU`NTSaR
F>QoSVUWNYX4Zo_ :¸UB/S4_ò\DhWX]\<X4_`F b Ocwo  ol/SaRPRYX]U/SaZ b ^nFF -·_dFFJs sD <O|]|a|>zht . @BADF2\oh`NPZoeNP\DRPF+X]
UWADNT_mEGFU`ADX b NP_S4_ X4RYRPXV#_  FU $ 'Y*mpFISQoZoeUWNYX4Z òLOQD\D\<X4_`F U`ADFh`F Ff^NT_kU(_BS_`FQDFZoeF Xað\<X]NPZUW_' " $ a $ 'Y*,*ò_dQpe(AUWAoSVU	
 ?	  $ 'Y*  $ -X]ZU`ADF{NPZU`Fh`VSaR Y"
 ? SaZ b
$ 
 ? * $ 

 ? *  RS'  " $  *
AoFhWFPRÃNP_{S_kU(SaZ b Sah b eX4ZU`NPZQoX]Qo_+QDZoeU`NPX]Z G@BADFZUWADFKQDZoeU`NPX]Z $ 'Y*+NP_INPZ oZDNYU`FRYceRPX4_`FUWXS
_`X]RPQ^UWNYX4Z-X]ðU`AoF b N¥FhWFZUWNPS]R FQoSaU`NPX]Z $  RS'#" $ *W
@BADFh`F/NT_S]ZDXaUWADFh7Sa\o\Dh`XS]e(A >oS4_dF b X]ZU`ADF_dU`hWX]<X4_WeX]\oNPeiEGFU`ADX b aX]DU`AoF/S b NPS]oSVUWNPeòNYZOVSahWNTSaZoeF
X]òUWADF,S]eU`NPX]ZvuS]h`NTSaoRYFKNYZÆ_`NYZo]RPFhWFQDFZoec_`RPXVRYcVSahWcONYZo[_`c^_kUWFE!_  FUQo_IFfO\oRPS]NYZvN¥UNPZvU`ADF
EGX4h`FI]FZDFh(SaR"eS]_`F+X]7SKZDX4Z+SaEGNYRYU`X4ZDNTSaZ[\pFhdUWQDhWoSVUWNYX4Z-X]p-H .
^4 'c\B"&^ "d_ * X=QIRS']\ "&^ "d_ *U" ^ 03\*  ']\B"8^ "8_B*YXZQ[T']\ "&^ "d_ *U" \03_;Q0/ ']\ "&^ "8_B*," _0G3  o -)v\.
 FUS'qe",Q\*S7'6^ 'qe",Q\*,"1\B'qe"UQ\*,"8_ 'qe"UQ\*K*ò<FSG_dX4RYQ^UWNYX4Z-X]p-v\. @BAoFIU`XaU(SaR"FZDFhW]c
ha'qe",Q\*SR[=']\B'qe",Q\*,"8^ 'qe"UQV*U"8_ 'qe"UQV*
NT__`RYXVRPc,VSahWcONYZD <
h2 QF']\ "&^ "8_B*," &qa [a \ [FX a
[
a ^ RX a
[
a _ / -d|z\.
+4FhU`NPEKF|]7UWADFQoS]ZU`NYU`NPF_i_ 'qe"UQ\*IS]Z b ha'qe",Q\* hWFE!S]NYZÆZDF>SahWRYcÆeX]Zo_dUWS]Z4U>i_dXUWAoSVUKU`AoF-\DApS]_`F
UWhWSajkFeU`X]hWc  'qe",Q\*\oS4_`_`NPZDUWADh`X4QD]A,U`ADF \pX4NYZU4'6^ 4 "1\ 4 "d_ 4 *hWFE!S]NYZo_/eRPX4_`F#UWXUWADFIeQDhW]F k'6h 4 "8_ 4 *
b FuoZDF b Oc [ ']\ "&^ "d_ 4 * h 4 ADFh`Fp[ ']\ 4 "8^ 4 "d_ 4 *  h 4 Ñ@BADF\DhWX]DRPFENT_UWX b F>_`eh`NPpF-AoSVU
ApSa\D\<FZo_BXV4Fh/U`NPEGF ihr Q4i@BADNT_QDF_dU`NPX]Z[NT_SaZo_`/FhWF b NPZU`ADFIX4RYRPXVNPZDK_`FeU`NPX]Z 
!DFE " S$# K " I  NSJIFKYS&% +WON`WLJKMN$IS-Z
:¸UKNP_EGX]hWF,ZoSVUWQDh(SaRiUWXeX4Zo_`N b Fh_`cO_dU`FE -)v\.SVUUWADF,UWNYEGF_`eSaRPF'WHQ/q(  FU  Hn r nÃpFU`ADFb FhWNYVSVUWNY4F+NYU`A[hWF_`\pF>eUUWXUWADF{ZDF9UWNYEGF{VSahWNPS]DRPF("ò@BAoF_dc^_dU`FE -)vDP|zl.mpF>eX]EGF>_
^   ?) * ']\B"8^ "8_B*YX RS']\B"8^ "8_B*,"\   * ?) + ']\ "&^ "d_ *YX=[T']\B"8^ "8_B*_  / ']\ "&^ "8_B*," h  ,F']\ "&^ "d_ * o -d|]|/.
89h`F]NPX]Z!X] X4_WeNPRYRTSVUWNYX4Zo_ X]"U`ADF 2SaEGNPR¥UWX]ZDNTSaZ,QDZoeUWNYX4Z [ 'c\B"8^ "8_B*NT_mS b X]E!SaNPZ.-&/ 3 P3  _dQpe(A
UWAoSVUIX4hSaRPR8'6ha"d_ *40 -ðU`ADFGFQoSaU`NPX]Z [ ']\ "&^ "d_ * nh b FuoZDF>_{S[eRPX4_`F b eQDhW]F@k'6ha"d_ *#NPZvU`ADF
STS ±UDÒ WVWÒ
~    

\oRPS]ZDF'6^ "6\B*ADNPe(A b XOF_IZoXaUeX4Z4U(SaNPZvS]ZOcÔ_dNPZD]QoRPS]h \<X]NPZU{ADFhWFGpX]U`A b FhWNYVSaU`NP]F_ a [ r a \vSaZ ba [ r a ^IuS]ZDNT_dA i@BADNT_BeRPX4_`F b eQDhW]F+eX]hWh`F>_d\<X]Z b _iUWXS\pFh`NPX b NPe _`X]RPQ^U`NPX]Z
'1^ 'qe"d_B"8hP*,"1\B'qe"d_B"8hP*K* X]-°Hl.7X]"FZDFh`4cih!  FU.P'6hD"8_B*<FU`ADF+\pFh`NPX b XaU`AoNP_m_dX4RYQ^UWNYX4Z F b FuoZoFU`ADF#QDZoeUWNYX4Zo_ '6ha"d_ *
S]Z b 
='6hD"8_B* X]Z - c
 '1ha"8_B*6 '6ha"d_ *.P'6ha"d_ * "  '6ha"d_ *S 2	
 4 F']\ 'qe"8_ "&ha*,"&^ 'qe"8_ "&hP*U"8_B*nlqe"

='1ha"8_B*6 '6ha"d_ *.P'6ha"d_ * "  '6hD"8_B*6 2	
 4 / ']\ 'qe"d_B"8hP*,"8^ 'qe"8_ "&ha*,"8_B*nlq o
?A O£    *  W S'#"UQ\*S '1^ '#"UQV*U"6\ '#"UQV*U"8_ '#"UQ\*K* 4--xI 
 KN  !  d`I4 
6	;)I	@
6` 




 - Yd )IL6bW !ed buI  k'6h 4 "8_ 4 * b /
 6J` 
 'c\ 4 "&^ 4 *   WhD'#"UQV*<[=']\B'#",Q\*U"&^ ':",Q\*,"d_B'#",Q\*K* 4")I    W W 	 KN  '#",Q\* f IpNeITb 
  ha'#",Q\* Td_ ':",Q\*  `V`C% 
  UdGW )ILOI 
  h 4 'Y*FV_ 4 'Y*  NL6	ed  ! 







 '6h 4 "8_ 4 * ; 	!  
  

ed Td '6h 4 'Y*,"8_ 4 'Y*,* 
  

 ed Yd W
x L
 - 
  KN   FU  4 pFDDf^F b   FUJ\ 4  \B' 4 ",Q\*WM^ 4 b^ ' 4 "UQ\*`Vh 4 qhD' 4 ",Q\*2SaZ b _ 4  _B' 4 ",Q\*`
lmX4Zo_`N b Fh/U`ADFe(AoS]ZD]FIX]VSahWNPS]DRPF_
   * 4Q " gP'  ",Q\*S ha' 4 X=Q  "UQV*+* h 4Q " '  ",Q\*S _ ' 4 XZQ  *5* _ 4Q o
@BAoFI_`c^_kUWFE -k|]|h.mNP_/U(Sa]FZ-NPZU`XGUWADF_dc^_dU`FE
n9^ r n   * ']\ "&^ "8_ 4 XZQ(*TXZQIRS']\B"8^ "8_ 4 X=Q *,"n;\ r n  e* ++ ']\ "&^ "d_ 4 XZQ(*TXZQ/[+'c\B"8^ "8_ 4 X=Q *n r n  /B'c\B"&^ "d_ 4 X=Q *," n\g r n   F'c\B"8^ "8_ 4 X=Q * o
-d|s\.
K/ceX]ZU`NPZOQDX]Qp_ b F\<FZ b FZoeF X]UWADF_`X]RPQ^U`NPX]Zo_BNYU`A[hWF_`\pF>eUBU`XGUWADFI\oSah(SaEGFU`Fh(_/mFI4FU
^ '  ",Q\*  ^ '  "8_ 4 "&h 4 *," \B'  ",Q\*  \ '  "8_ 4 "&h 4 *," -d|Hl.
AoFhWFa'6^ '  "d_ 4 "&h 4 *U"6\B'  "8_ 4 "8h 4 *,*mNT_BU`AoF_dX4RYQDU`NPX]Z[Xa7U`AoFQDZD\<Fh`U`QDhW<F b _`c^_kUWFE -°Hl.BNYU`A _G#_ 4 
X]ðUWXaUWS]R FZoFhW]cfh 4 oSaZ b _dUWS]hdUWNYZDhWX]E '1^ 4 "6\ 4 *` oh`X4E>-k|>s\.BSaZ b -d|Hl.m/FIAoSu]F
gP'  "UQV*  2"!4 F']\ 'qe"8_ 4 "&h 4 *,"&^ 'qe"8_ 4 "8h 4 *,"8_ 4 *nlqe"






 ! " v
 FU  j.P'1h 4 "d_ 4 *`  ?   4 X=Q   h ? ha' ? "UQ\*iS]Z b _ ?  _ ' ? ",Q\*`ivF{AoSu4F
h ? * h 4
/? * 4  gP'  ",Q\*   '6h 4 "8_ 4 *U" _ ? * _ 4/? * 4   '  "UQV*  
='1h 4 "d_ 4 *
 +_dNPZDU`ADFI_kUWh`X4pX_`eX]\DNTeEGFUWADX b /F+eX]ZoeRYQ b F#U`ApSVUha'qe"UQV*iSaZ b _ 'qe",Q\*iSahWF2eRPX4_`F#UWXUWADFI_dX4RYQ^UWNYX4Z
X]ðUWADFSu]FhWS]]F b _dc^_dU`FE -k|>y\./N¥UWAU`ADF_WSaEGFINYZoN¥UWNPS]R eX]Z b N¥UWNYX4Z  B
!D6C G !! &IFPKMN$IS-Z
 FU Qo_24NY4FNPZÔU`AoNP_ _dF>eUWNYX4Z_dX4EGFSa\o\DRYNTeSaU`NPX]Zo_2Xaò@BADFX]hWFE sDI@BADNT_#UWADFX4h`FE S]\D\DRPNYF>_2NPZE!SaZOc
X]U`ADFh_`N¥UWQoSVUWNYX4Zo_LOFF s vItmX4hKS]\D\DRPNPeSVU`NPX]Zp_IU`XU`ADF_kUWQ b cÑXa2_`X]EGF_`FeX]Z b UWADNYh b S]Z b X]h b Fh
_`NPZD]QDRTSahWRPc!\pFhdUWQDh`<F b[b NYFhWFZU`NTSaR"F>4QpSVU`NPX]Zp_
   B   $ oX]h{UWADF  X4h`FZ4U4=,gFZ b QoRYQDE /F!AoSu]FDR [   oV/  i SaZ b [=']\B"8^ "8_B*F' \:X %:@'_ *^0: ) r ]D72FZoeFIU`ADFSu4Fh(Sa4F b _`c^_kUWFE>-d|>yV.òU(Sa]F>_/U`ADFIX4h`E <
h  jh4%  'Y* r %('Y* o
2FZoeF ha'#",Q\*  ha' #",Q\*%('Y* r %(' #*`BU`ApSVUNT_!UWX_`Suc4òUWADFh(SVUWNYX ha'#",Q\* r %('Y*Kh`FE!SaNPZo_!ZDF>SahWRYceX]Zo_dUWS]ZUBXV4FhmU`NPEGF!|]
   B   + lmX4Zo_`N b Fh/U`ADF_`FeX]Z b X]h b Fh b NYFhWFZU`NTSaR"F>4QpSVU`NPX]Z
#$ X RS' $ ",QhqU*S! 
X4hBFQDNPuS]RYFZU`RPc-SVUBUWNYEGF_WeSaRPF  Q : $   XZRS' $ " Y*<; 
@BAoFIe(ApSaZD4F X]VSahWNTSaDRPF_^w $ \;Q $  U`h(SaZo_dX]hWE!_mU`ADNT_FQoSaU`NPX]ZNYZUWXUWADF_`cO_dU`FE
^   \ r Ql" \   * RS'1^ " Y* r Q
AoNPe(A[NT_#Xa7UWADF{X]hWE -k|]|h./N¥UWAÔ2S]EKNPRYU`X]ZoNPS]Z [ ']\ "&^ "8_B*< \ : r ](X
	P'6^ "8_B*`<ADFh`F a 	 r a ^J1R2FZoeF U`ADFSu4Fh(Sa]F b _`cO_dU`FE>-k|uyV.mU(Sa]F>_mU`ADFIX4h`E
h   '6ha"Y*,"  '6hD" Y*<    
  	
     
  ,    
      
 
  	
    ,    
  
AoFhWF ^h?I'1ha" Y* SaZ b ^ : '6ha"Y* S]h`FKU`AoF,EGNYZDNPEQoE S]Z b U`ADF!E!SVf^NPEQDEXaSaZÑX4_WeNPRPRPSaU`NPX]Z @BAoFhWFS]h`FIUWADF_`X]RPQ^U`NPX]Zp_XaiFQoSaU`NPX]Z	'1^ " Y*#h! DhWX]E @BADFX4h`FE'sG/F_dFFIU`AoSaU2UWADFFZoFhW]c hD'#"UQV*
hWFE!S]NYZo_BeRYX_dF U`XGUWADFeX4h`hWF_`\<X]Z b NPZDK_dX4RYQ^UWNYX4Zph 4 'Y*òXaU`ADFSu4Fh(Sa]F b _`cO_dU`FE[
   B   * lmX4Zo_`N b Fh/U`ADFIUWADNYh b X]h b Fh b NYFhWFZU`NTSaR"F>4QpSVU`NPX]Z
Q : n  $ r n! X RS':" $ "Un $ r nY*<! o
STS ±UDÒ WVWÒ
|>z    

@BAoFe(AoSaZo]F{XaiVSahWNTSaDRPF_`^J1n $ r n"O\ QhnT: $ r n$:4 _G ':" $ *mU`h(SaZo_dX]hWE!_/U`ADNT_+FQoSVUWNYX4Z[NYZU`XUWADF_`cO_dU`FE ^   \ r Q\" \  e* RS'1_ "&^ "Y* r Q\" _   ' i "8^l*
AoNPe(A[NT_#Xa7UWADF{X]hWE -k|]|h./N¥UWAÔ2S]EKNPRYU`X]ZoNPS]Z [ ']\ "&^ "8_B*< \ : r ](X
	P'1_ "&^l*`<ADFh`F a 	 r a ^J1R2FZoeF U`ADFSu4Fh(Sa]F b _`cO_dU`FE>-k|uyV.mU(Sa]F>_mU`ADFIX4h`E
h    '6ha"d_ *U"  '6ha"d_ *     	
   





   *  
,  	 
     	
 
   




='1ha"8_B*6   	
    	
    ,  	 
    	
  
 	
   ,  	 
  
AoFhWF ^ ? '1ha"8_B*S]Z b ^ : '1ha"8_B*S]h`F/U`AoF#EGNYZDNPEQoE SaZ b UWADF#E!SVf^NPEQDEqXa"SaZGX4_WeNPRYRTSVUWNYX4Z @BAoFhWF#SahWFUWADF_`X]RPQ^U`NPX]Zo_BX]F>4QpSVU`NPX]Z 	'_B"8^l*6Rh! oh`X4E'@BADFX]hWFE sK/F_dFF+UWAoSVUUWADF{FZoFhW]cfha'#",Q\*òSaZ b_ ':",Q\*6 '#" $ '#"UQ\*K*7h`FEGS]NYZ!eRYX_dFUWX{U`AoF2eX4h`hWF_`\pX4Z b NPZD{_dX4RYQDU`NPX]Zfh 4 'Y*WO_ 4 'Y*X]U`ADF Su]Fh(Sa4F b
_`c^_kUWFE[
   B   7  @BAoF+UWADNPh b X]h b Fh b N¥FhWFZU`NTSaR"F>QoSVUWNYX4ZQ : n  $ r n  X=n $ r n i * $ : -d|)<V.
BS]_eX]Zp_dN b FhWF b NPZ7s HIt U`XFf^\DRPS]NYZ UWADF<FApSuNPX]hXa{U`AoF_`Xa¾eSaRPRPF b ]ADX_kU_`X]RPQ^UWNYX4Zo_S]\D\pF>SahWNYZo
NPZZQoEKFh`NTeS]R/_We(ADFEKF>_ @BADFe(AoSaZD4FX]+VSahWNPS]DRPF_^  $ M\! Qhn $ r n" _1 $ X!Q :nT: $ r n$:UWhWS]Zo_dX]hWEG_/F>4QpSVU`NPX]Z -k|!<V.mNPZ4UWXKU`ADF_`c^_kUWFE
^   \ r Ql" \   '_f* ^l* r Ql" _   i * ^ :
AoNPe(AÀNT_,X]{U`ADFX]hWE -k|]|h.GNYU`A´+SaEGNPR¥UWX]ZDNTSaZj[ 'c\B"8^ "8_B* ' \ :X '_@* ^l*1:) r ]Dq#FZoeFU`ADFSu4Fh(Sa4F b _`c^_kUWFE>-d|>yV.òU(Sa]F>_/U`ADFIX4h`E
h  !]h _ " _   i *mh#* _ :
oh`X4E @BADFX]hWFE sK/FI_`FF UWAoSVU2SG_`X]RPQ^U`NPX]Z $ 'qe",Q\* Xa8-k|!<V.mNP_#hWS]\DN b RYc!X_`eNYRPRPSaU`NPZD!SaZ b _WSVU`NT_KoF_
_ 4 'Y*M* ]h 4 'Y*
 $ '#"UQV*
 _ 4 'Y*g* ]h 4 'Y*
AoFhWF h 4 'Y*/SaZ b _ 4 'Y*/SahWF+UWADFeX4h`hWF_`\<X]Z b NPZDK_dX4RYQ^UWNYX4Zo_BXaU`AoFSu]Fh(Sa4F b _`c^_kUWFE[
!D!   U   	`NOI	S @N#KYP NOI	S UMKVWIFKVL! 
 FUp $ pF U`AoF S4eU`NPX]ZD¸S]ZD]RPF2VSahWNTSaDRPF_òX]h/U`AoF +SaEGNYRYU`X4ZDNTSaZ-_`c^_kUWFE>-°Hl.òADFhWFl_NP_BeX4Zo_`N b Fh`F b
S4_SDf^F b \oS]hWS]EKFU`Fh :¾Z[UWADF{VSahWNPS]DRYF>_p $ UWADF_`cO_dU`FE -d|]|/./NT_F>4QoNYVSaRPFZUUWX,S!_dc^_dU`FE Xa7U`ADF






 ! " |4|
@BAoNP__dc^_dU`FE NT_-Xa{U`AoFÔX]hWE Xa_`c^_kUWFE -·y\.GU`X ADNTe(A9@BADFX4h`FE|vSa\D\oRYNPF_ 2FhWF] : b X ZDXaU
OZDXVAoXV U`XQp_dFU`ADFG2S]EGNYRYU`X4ZDNPS]ZX]hWE!SaRPNP_`E XameSaZDX4ZDNTeSaRðU`h(SaZo_dX]hWE!SVUWNYX4Z[U`X b FUWFhWEKNPZDFU`ADF
QoZoeUWNYX4Zo_8R ?  [ ? S]Z b / ? ^S4_òNPZ!U`AoF+\DhWXOXa X]@BADFX4h`FE yDi@BAQp_6:òeSaZDZDX]U/eX]EG\DQ^UWF#U`AoF Su4Fh(Sa]F>_
X]U`ADFQoZoeUWNYX4Zo_pR\?BSaZ b [\?SaZ b S]\D\DRPcK@BADFX]hWFE'|U`XX4^UWS]NYZGUWADF#F]X]RPQ^UWNYX4Z!Xa p7#XV/F4Fh>VhWX]E
@BAoFX]hWFE s/FIeSaZX]^U(SaNPZ!U`ADF F4X]RPQ^U`NPX]Z!X] <  FU '1ha"8_B*<F+U`ADFISahWFS{X] U`AoF2hWF]NPX]ZpX4QDZ b F b





n#FeS]RYRU`ApSVU   r ']@^6*/NT_#UWADFGS]eUWNYX4ZÔVSahWNPS]DRPF{X]h+U`ADFG2S]EGNYRYU`X4ZDNPS]Z_`cO_dU`FEc-Hl.#ADFhWF_NT_+SofOF b \pSah(SaEGFUWFh>
?A O£    7  W S':",Q\*p '1^ '#"UQV*U"6\ '#"UQV*U"8_ '#"UQ\*K* 4 OI 
0KN  !     h 4 'Y*F_ 4 'Y*  N )Ib  W `ITd
	xI 
 KN 6L! 	 ed !  0?adWbW 
4ed
  I  T  W*T'#",Q\*S '6hD'#"UQV*U"8_ '#"UQ\*K* fBIW





  4 a [a _ 'c\B'qe"d_B"8hP*,"8^ 'qe"d_B"8hP*,"d_ * n\q o 4 KN  8 _dU`h(SaNP]AUdX4h`BSah b eX4EK\oQ^UWSaU`NPX]Z_`ADXV#_ðU`AoSaU a   r a h7R.ÀS]Z b a   r a _D *
!#FZoeFn *n '#",Q\*S.P'6ha'#",Q\*U"8_ '#"UQV*,* n9hn '#",Q\*5*
P'6hD'qe",Q\*U"8_ '#"UQV*,* n _n '#"UQV* o
K/c@BAoFX]hWFE's/FIAoSu]F4n * r n '#",Q\*  ('1h 4 'Y*,"d_ 4 'Y*,*` B
8+_2S!eX4Zo_`FQDFZpeFIXaU`ADNT_#hWF_`QDRYU#mF{4FUUWADFS b NPS]oSVUWNPe NPZVS]h`NTSaZoeFIXa7U`ADFS]eUWNYX4Z-VS]h`NTSaDRPF{NPZ
_`NPZD]RPF h`F>4QoFZoec_dRPXVRPc!uS]h`cONPZD!2S]EKNPRYU`X]ZoNPS]Z_`c^_kUWFE!_BX]^U(SaNPZDF b NPZ[@BAoFX]hWFE y^
?A O£    N W S'qe"UQ\* '6^ 'qe",Q\*,"1\B'qe"UQ\*K* 4  OI 
HKN  !  W 	d L66 _  Qhq   W
*T'qe",Q\*S J'6ha'qe",Q\*,"UQhqU* @B6 *T'qe"UQV*  
 LC   b4    W" 
  iIr Q  4 KN  :¾ZU`ADF{\oS]hdUWNPeQDRTSaheS4_dFIXai_`cO_dU`FE>->l.D/FIAoSu]F4[  R; !SaZ b / i i#FZoeFZ; DK/c@BAoFX]hWFE Ho*T'#"UQ\* h`FEGS]NYZp_mZoFSahWRPceX4Zo_kU(SaZUXV]FhòUWNYEGF i  B
!D IFS   dW 5S-P Z`ZN " Z
@BAoF-_dU`hWX]<X4_WeX]\oNPeGEGFUWADX b S]RYRPXV#_S]RP_`XSaZoXaU`AoFhS]\D\DhWX4S4e(AvX]2@BADFX4h`FE | -ÌX4hUWADF b FUWS]NYRT__`FFs sht . µNYU`AUWADF{ZDF´U`NPEGF{VSahWNPS]DRYF ;Qhq(OUWADF{\pFhdUWQDhWpF b _`c^_kUWFE>-yV./<FeX]EGF_
  !RS')T" $ ",Q\*U" $  &%(')+* r QpX=[+'+" $ "UQ\*," -d| >\.
STS ±UDÒ WVWÒ
|uy    

S]Z b U`ADFSu4Fh(Sa]F b _`cO_dU`FE>-°sl./pF>eX4EKF>_
f  !gP'KfS* -d|ut@.
 FUp')T'#"UQV*U" $ ':",Q\*K*pFBS#_`X]RPQ^U`NPX]Z{X] -k|)>\.  FU  4 pFDf^F b   FU  4 ;T' 4 ",Q\*<S]Z b $ 4  $ ' 4 ",Q\*`
lmX4Zo_`N b Fh/U`ADFe(AoS]ZD]FIX]VSahWNPS]DRPF_
   * 4Q " f6'  ",Q\*6 +' 4 XZQ  "UQ\*+*  4Q "  '  ",Q\*S $ ' 4 XZQ  ",Q\*5* $ 4
@BAoF \<Fh`U`Qoh`<F b _`cO_dU`FE>-k|)>\./NT_/UWS]]FZNPZ4UWXKU`ADF_`c^_kUWFE
n+f r n   RS') 4 " $ 4 X  "U *YXZQIR ? 'Kf "  "UQV*U" f6' #*S; :"n  r n  W%(' 4 * X=Q/[\?/',f "  "UQ\*,"   ' *S! o -d|~\.
K/ceX]ZU`NPZOQDX]Qp_ b F\<FZ b FZoeF X]UWADF_`X]RPQ^U`NPX]Zo_B/FI]FU
f6'  *  2 !4 RS') 4 " $ 4 X %(') 4 *\"U *n	  i%(') 4 * 2 3

	 
   !
3  RS') 4 "  ", #*n 
 FU  !]@^ r %(') 4 *`  ?   4 X=Q  SaZ b  ?  +' ? ",Q\*`ivF{AoSu]F ? *  4
h? *  4  f6'  ",Q\*  i]@^ 2 3 

 :
3  RS') 4 " $ 4 X  "U * n F gP') 4 *
 +_dNPZDBUWADFò_dU`hWX]<X4_WeX]\oNPeEGFUWADX b mF eX]ZoeRYQ b FiU`AoSaUB+'#",Q\*oNT_ðeRYX_dF7UWXBU`ADFm_dX4RYQ^UWNYX4ZIXaOU`ADFmSu]Fh(Sa4F b
_`c^_kUWFE>-d|utV.òNYU`AUWADF_`S]EGF NPZDNYU`NTSaRðeX]Z b N¥UWNYX4Z 
 K! #$ %'
() # -" -a-#B

lmX4Zo_`N b FhSK_`c^_kUWFE'N¥UWA[eX]Zo_dUWS]ZU/hWFQDFZoeNPF_;QIRS')T" $ ",Q\*," $  %9X=Q/[T')T" $ ",Q\*," -d|v\.
AoFhWFòUWADFBh`F>QDFZoec{]F>eU`X4hS% b XOF_ZDX]U b F\<FZ b X4ZUWADF_dRPXVÃVSahWNPS]DRPF <@BAoFBe(ApSaZD4FmX]pVSahWNPS]DRPF
  $ * %qiUWhWS]Zo_dX]hWEG_4-d|v\.mNPZU`X QIRS')T"  X %qe",Q\*U"  ;Q/[T')T"  X %qe"UQ\* o -yaz\.
 FU $ 7')T"  *WòLOc^_kUWFE -·yazl.mpF>eX]EGF>_$ !Q  'qe" $ "UQV*U" $ 03 5 
  " -y^|/.
AoFhWF  J'qe" $ ",Q\*8 ' RS')T"  XZ%qe",Q\*,",[+'+"  X %qe"UQV*,*`L^NYZoeFDRÆSaZ b [ÔSahWF]@^\<FhWNYX b NTeNYZ $ "U`ADF
QoZoeUWNYX4Z  NT_-QoS4_dNY¸\pFh`NPX b NPe[NPZ!q(q2FZoeF_`c^_kUWFE -·y^|h.!NT_S   /M 4	 
\4M 








 ! " |>s
JDFE    / W 
8+_`_`QDEGF U`AoSaU 'qe" $ "U * NT_ ]I^¸\<FhWNYX b NTe NYZGq(  FU
  4 ' $ *6 i]I^ 2 :4  'qe" $ "U * n\q o
@BAoFSaNPE X] JLK-MUWADFX4h`c-NP_#U`X,Sa\o\Dh`Xuf^NPE!SVU`FIUWADF_`X]RPQ^U`NPX]Zp_Xa _`cO_dU`FE -y^|/.c-U`AoF_dX4RYQDU`NPX]Zo_X]
UWADFSu]FhWS]]F b _dc^_dU`FE $ !Q   4 ' $ *," -y]yV.
8+_`_`QDEGF U`AoSaUJ-·y4yV.mAoS]_SGQoZDNPQDF{_`X]RPQ^U`NPX]ZNYU`A[\DhWF_WehWNY<F b NYZoN¥UWNPS]RðeX4Z b NYU`NPX]Z 
?A O£    D  W $ 'qe"UQV* 4 OI 
 KN   W $ 4 'qU* 46xI 






 $ ' :", #*    4 I  6 $ 4 'qU* 
 (d CedL )I 
  !   :" ihr Q  lB6 $ 'qe",Q\* 
 (d  Ud    - )IL "
 W  Td  
  W
$ 'qe",Q\*  $ 4 'qU*,"  
Wq
 iIr Q o  KN  :¸UINT_ EGX]hWFZoSaU`QDh(SaRUWX[eX]Zo_`N b Fh{_`cO_dU`FE!_-y^|h.+S]Z b -y]y\.+SaU+UWADFGU`NPEGF!_`eSaRPF   Qhq(  FU
 ;n r n<F/U`ADF b Fh`NPVSVUWNY4FòNYU`AGh`F>_d\<FeUUWX U`ADFBZDFÃU`NPEGFBuS]h`NTSaoRYF "i@BADF/_`c^_kUWFE -y^|h. <FeX]EGF_
$   ' r Ql" $ "UQ\*," -yas\.
S]Z b U`ADFSu4Fh(Sa]F b _`cO_dU`FE>-·y4yV.m<FeX4EGF_
$     4 ' $ * -yVHl.
 FU $ '#"UQV*mpFS!_`X]RPQ^U`NPX]ZXa8-·y]s\.  FU  4 <FwDf^F b   FU $ 4  $ ' 4 "UQ\*`BlmX4Zo_`N b FhBU`ADFe(ApSaZD4F X]
VS]h`NTSaDRPF_
   * 4Q "	Z'  ",Q\*S $ ' 4 XZQ  "UQ\*5* $ 4Q o
@BAoFI_`c^_kUWFE -·yasl.mNP_/U(Sa]FZ-NPZU`XGUWADF_dc^_dU`FE
n
n   'pX  " $ 4 XZQ9",Q\* -y<V.
AoFhWF F  4 r Q K/ceX4ZU`NPZQoX]Qo_ b F\pFZ b FZoeF{X]ðU`AoF_dX4RYQ^UWNYX4Zo_B/F 4FU




 'qe" $ 4 ", #*nlq
 FU  !]@^i /?(, 4 XZQ  SaZ b $ ?  $ '/?@",Q\*`ivF{AoSu4F
$ ? * $ 4




 'qe" $ 4 ", #*nlqS  4 ' $ 4 *
STS ±UDÒ WVWÒ
|H    

 +_dNPZDKU`AoF_kUWh`X4pX_`eX]\DNTe2EGFU`ADX b mF{eX]ZoeRYQ b F+UWAoSVU $ '#"UQ\*òNP_eRYX_dF UWX $ 4 'Y*` B
@BADFX]hWFE >/S4_2FfUWFZ b F b U`X[4QpS]_`N\<FhWNYX b NTe]FeU`X4h oFR b _ S]Z b JLK-M4FeU`X]h oFR b _P-·_dFFs t/t
S]Z b U`ADFÔhWFFh`FZoeF>_U`ADFh`FNYZ+.2:¾ZU`ADF>_dFÔeS]_`F_U`AoFÔSu]Fh(Sa4F   4 ' $ *NT_GX]^U(SaNPZDF b S4_KX]RPRYXV#_ :¸
 J'qe" $ ", #* NP_QoS4_dNY¸\pFh`NPX b NPe NPZGqiU`AoFZU`ADF{RPNPEKNYU






 'qe" $ ", * n\q
Ff^NP_dUW_/SaZ b NP_/QDZoN¥X4h`E NYU`Ah`F>_d\<FeUòU`X 4 :¸  ´NP_BS_`Xa¾eS]RYRPF b JLK-M ]FeU`X4h oFR b _OU`AoFZ,UWADF RYNPEGN¥U
  4 ' $ *<   
	 i
 2 4  'qe" $ "U * n\q
Ff^NP_dUW_i@BADF{_kUWh`X4pX_`eX]\DNTe#EGFUWADX b S]RYRPXV#_/Qo_/U`XGX4^UWS]NYZSaRT_dXU`ADFLJLK-M U`ADFX]hWFE Xa7Su]FhWS]]NPZDNPZ
UWADF_`FIEGX]hWF 4FZDFhWS]R"eS]_`F_w-X]hEGX]hWF b FU(SaNPRP__`FFPsP|]| t .
?A O£      4 I )I 6(NeITb 
  'qe" $ "U * 
 Pb  
:I6
 $ I
 NW L 
  ` ebW
  q Yd 6 6! 	    4 ' $ * 8%
     W $ '#"UQ\* 4 WOI 








 $ ' :", * L ;  I ")I $ 4 'Y* 
 Pd CedQ6
 W 
  #" i  iB6 $ ':",Q\* 
 Jd  ed   ! - )
  
/ TTd 
 " `V`/4% 
 edGW $ 4 'Y* 
:¾Z[UWADFeRPS4_`_`NPeSaRX4h`EQDRPSaU`NPX]Z[Xa7UWADF\DhWFONPX]Qo_/UWADFX4h`FE -°_`FFsªtht .BNYU2NT_#Qo_`QoS]RYRPchWFQDNPh`F b U`AoSaU#U`ADF
QoZoeUWNYX4Z  J'qe" $ ",Q\*#NT_  NP\o_`ADN¥U4=,eX4Z4UWNYZOQDX4Qo_ NYZ $  :¾ZvX4QDh X]hWEQDRTSVUWNYX4ZUWADNT_eX4Z b NYU`NPX]ZvAoS]_I<FFZ
/FS]]FZDF b!< X]ZoRYcGUWADF eX]ZU`NPZOQDNYUkcKNPZ $ QDZoN¥X4h`EGRPc!N¥UWAhWF_`\pF>eU/U`X q NP_/hWFQDNPh`F b @BAoF b NYFhWFZU`NTSaR
F>QoSVUWNYX4Z
$  B' $ r Q\* -y>\.
\oh`XVON b F_#S]Z[FfDSaEG\DRPF{X]h+ADNTe(A[U`ADFKeX]ZpeRPQo_dNPX]Z[X]i@BAoFX]hWFE t b XOF_2ZDXaU ADX]R b @BADFKSu]Fh(Sa4F+X]
 J'qe" $ *FB'q $ *#NT_  4 ' $ *F  D K/Q^U{UWADFGQDZoeU`NPX]Z 'qe" $ *2NP_ZDXaUeX4ZU`NPZQoX]Qo_INPZ $ QDZDNYX]hWEKRPc
NYU`AKhWF_`\pF>eU7U`Xwq(7@BADF_kUWQ b cX]S-·y>\.BS]_7SVUU`ADFX4h`NP]NPZX]DU`AoFDNYh`U`AKXapU`ADF_dU`hWX]<X4_WeX4\DNPeòEGFU`AoX b-·_dFFs s^7|zht . 8eUWQoSaRPRPc]<mF\Dh`XV4FDs s^7|]| tU`AoSaU2UWADFK_`X]RPQ^UWNYX4Zo_#X] -·y>l.#S]h`FS]\D\DhWXuf^NYE!SVUWF b X4ZU`ADF
_`QDo_`FU	 \' $ " Y*03V: $ "  "  IOc!UWADF_`X]RPQ^U`NPX]Zo_BX]ðUWADFSu]FhWS]]F bb N¥FhWFZUWNPS]R"FQoSVUWNYX4Z
$   , $ : *  : * $ o
JD6C %=W5P 5Z Z IS  @N! XKYS N  5WP `W 
@BAoF4_ NYZo_dU`FNYZF>QoSVUWNYX4ZX4hBU`ADF{\DRTSaZoFU M[Fh(eQoh`c,NT_n9: >n  : X >  *FX Q > : " -y4t@.
AoFhWF >  ihr  SaZ b    SahWFUWADFK\pX4RPS]h eXX4h b NYZoSaU`F>_2X] M[Fh(eQoh`cNYZU`AoF\DRTSaZoFKeFZU`Fh`F b SVU U`ADFL^QDZ  #Fh`F






 ! " |!<
AoFhWF   NP_U`ADFE#FBUWX]ZDNTSaZÑ4hWSuONYUWSVUWNYX4ZoSaR eX]Zo_dUWS]ZU  UWADFE!S4_`_{X]BU`ADF[LOQDZ  /ÑUWADF-S]ZD]QoRPS]h
EGX4EKFZU`QDE Xa M[FhWeQDhWc]  UWADFEGFS]ZVSaRPQDFXa  S]Z b " U`AoF_d\<FF b Xa7UWADFRPNY4AU2NYZuS4eQDQoE DX]hQ4  o4/F#AoSu4FBU`ADF;E#FBUWX]ZDNTSaZEKX b FR < U`AoF#U`h(SVjkF>eUWX]hWcNP_/SaZ!FRYRPNP\o_dF >  *pX     7@BAoF#Qo_`QoSaR
\<Fh`U`Qoh`oSaU`NPX]Z[UWADFX4h`c-\Dh`F b NTeUW_2U`ApSVU<QDZ b Fh+U`ADF]h(SuNYUWSaU`NPX]ZoS]R"FFeUW_#X]iU`ADFXaUWADFh+\DRPS]ZDFU(_pU`AoNP_
X4h`oN¥Uò_`ADX]QoR b hWXaUWSaU`F#_`RYXVRPcNPZ,_d\pS]eF44_`XIU`AoSaU U`AoF#E!SVjkX]h _`FEGNY¸Saf^NP_7X]<UWADF#FRYRPNY\p_dF#_`ADX]QoR b S b VSaZoeF
OcSa<X]QDUL<4y@v_`FeX]Z b _2X]òSah(e\<Fh{eFZ4UWQDhWc]{@BADFK\Dh`F>eF>_`_`NYX4ZNP_IS4eU`QpSaRPRYc[X]p_dFh`4F b UWX<FKX] <4t]y
_`FeX]Z b _mX]7S]hWe \<Fh#eFZU`QDhWc]i@BADF b N¥FhWFZoeFINP_Ff^\DRPS]NYZoF b c,U`ADF{4FZDFhWS]R<hWFRTSVUWNYONYUkc!U`AoFX]hWc]
 FU $  > **<oS]Z b q6  ^UWADFZ[FQoSaU`NPX]Z -·yt@.mNP_#FQDNPuS]RYFZU/UWX
#$ X $  Ql' $ X *+* :
AoNPe(ANP_2S\pSah`U`NTeQDRTSaheS4_dFIX]SaZ[F>4QpSVU`NPX]Z-XaUkcO\pF
#$ X $ ;QIRS' $ " $ * -ya~\.
@BAoF 4FeU`X]hpFR b S4_`_`X^eNTSVU`F b UWXGFQoSVUWNYX4Z -ya~l.òNT_$   "  e* $ X=QIRS' $ "  *
@BAoF S]Z b Fh#gX]Re(AoSaZD4F+X]VSahWNTSaDRPF_
$   B'qBX=D*,"    'qYXZa*
UWhWS]Zo_dX]hWEG_mUWADNP_2_dc^_dU`FE NYZU`X !!QIRS'   Y'qBX=D*,"   'q XZa*K*	 'qBXZa*2 )
 RS'   B'qBX=D*,"   'qYXZa*,*  B'qBX=D*
K/c@BADFX]hWFE >2U`ADF#_`X]RPQ^UWNYX4Zo_ðX]oUWADNP_i_`c^_kUWFEqS]h`F/Sa\D\oh`Xuf^NPEGSaU`F b Oc{U`ADF_`X]RPQ^U`NPX]Zp_X]oUWADFSu]Fh(Sa4F b
_`c^_kUWFE[ DX4h RS' $ "  *6 ' $ X *+*:]^UWADF{Su]FhWS]]F b _dc^_dU`FE'NP_ !! #" 2 *
2FZoeF{U`AoFSaEG\DRPN¥UWQ b F  qh`FE!SaNPZo_ZDF>SahWRYceX]Zo_dUWS]ZUJ-ÌU`AoFhWFNP_2ZDX_`FeQDRPS]hVSahWNPSaU`NPX]Z[Xa7U`AoFE!SVjkX]h
_`FEGNY¸Saf^NP_Xa M[Fh(eQDhWc b QDF/UWX 4hWSuONYUWSaU`NPX]ZoS]R]FFeUW_iX]o]FZDFh(SaROhWFRTSVUWNYONYUkc .ðDQ^UiUWADFB\DAoS4_dF/NP_i_`RPXVRYc
VS]h`cONPZD-U`ADFh`F{NT_SK\DhWFeF>_`_`NPX]Z+. MX]hWF \oh`F>eNT_dFRYc!/F{AoSu]F  'qU*   S]Z b D'qU*  Q* qiUWAQp_
> 'qU*  *FX     ',' i XZQ*:* qU*
2FZoeF U`ADF{\DhWFeF_W_dNPX]Z b QDF UWXGU`ADF{4hWSuONYUWSVUWNYX4ZoSaR<FFeUW_BX]4FZDFhWS]R<hWFRTSVUWNYONYUkc,NT_BXa]@^BQ *,hWS b NPS]Zo_   #  \ J  #  Q*,_`FeX]Z b Xa7Sah(e
\<Fh/X]hWDNYUòXaTMFh(eQDhWc]iLONPZoeF+U`ADF+\pFh`NPX b XaTMFh(eQDhWcNT_/~]~ b Suc^_]UWADF2\oh`F>eF_W_`NYX4Z!XaTM[FhWeQDh`c b QDF
UWXKU`ADF{hWFRTSVUWNYONYUkc!U`ADFX]hWc,NT_BXa
 #  V   #   ' :o i# *  i   $  ' o  *6 i  \   #    
_`FeX]Z b _iXa Sah(e\<Fh/eFZUWQDh`c4oX]hmEKX4h`F b FUWS]NYRT_ X4ZGU`ADNT_/_dQDDjkFeUòU`ADF+h`F>S b Fh NP_òh`FFhWh`F b U`XDs >ht\oSa4F
s\vDYsP|>yht \pSa]FyVvX4h4sY|>shtð\oS]]FG|H4Ho
STS ±UDÒ WVWÒ







lmX4Zo_`N b Fh2UWADFGeS]_`FAoFhWF	G Cc  S]Z b UWADFK\pFhdUWQDh`<F b _dc^_dU`FE -·yV.2NT_+S_dE!S]RYR72S]EKNPRYU`X]ZoNPS]Z
\<Fh`U`Qoh`oSaU`NPX]ZGXa S{eX]EG\DRPFU`FRYcKNPZ4UWF4hWS]DRYF+SaEGNYRYU`X4ZDNTSaZ,_`cO_dU`FEqNYU`A b F]hWFF>_7Xah`FF b X4E[@BADF
+SaEGNPR¥UWX]ZDNTSaZXaU`ADF{\<Fh`U`Qoh`<F b _dc^_dU`FE UWS]]F>_òUWADFIX]hWE
[ ')T" $ *S[ 4 ')+*YXZQ [a?I')T" $ ",Q\* o
vFGAoSu]FGS]_W_`QDEGF b U`AoSaU{_`X]EGF b X]E!S]NYZvNYZv\DAoS4_dF!_`\oS]eFNT_ X]RPNTSVU`F b OcÔNPZOVSahWNPS]Z4U U`X4h`NðS]Z b UWAoSVU
S4eUWNYX4Z^¸S]ZD]RPFKuS]h`NTSaoRYF>_4  ' ? "AAA "K *0W 3   $  ' $ ? "AAAB" $ T*0&  X]hIUWADF,QDZo\pFhd
UWQDhWpF b _`cO_dU`FE SahWFNPZ4UWh`X b QpeF b NYZU`ADNT_ b X]E!SaNPZ I@BADFG2SaEGNPR¥UWX]ZDNTSaZ=[ 4 ')+*BXa UWADFQoZD\pFhdUWQDhWpF b
_`c^_kUWFE b F\pFZ b _{X4ZDRPcX]ZU`ADF!S]eU`NPX]ZuS]h`NTSaoRYF>_ <G@BADFGFQoSVUWNYX4Zo_ ]XV4FhWZDNYZo!U`ADF!QoZD\pFhdUWQDhWpF b
EGX]U`NPX]ZAoSu]F+U`ADFIX4h`E < ! #" $  a [ 4a  ')+*," -y@v\.@BAoF F>QoSVUWNYX4Zo_B]XV4FhWZDNYZoU`AoF{\pFhdUWQDh`<F b EGXaUWNYX4Z-ApSu]F+U`ADFIX4h`E <
 *(Q a [D?a $ ')T" $ ",Q\*," $  a
[ 4
a  ')+*YXZQ a
[D?
a  '+" $ ",Q\*," -·s]z\.
L^NYZoeF jlk
 a [D? r a $ '+" $ ", * n $   :"
UWADFSu]FhWS]]F b _dc^_dU`FE NT_ f7> o
 +_dNPZDvU`AoF[Su4Fh(Sa4NYZD\Dh`NPZoeNY\DRPF[mFS4_`_`Fh`UUWAoSVUGUWADFhWF[NP_GZDX
F]X4RYQ^UWNYX4Z-NPZ[U`AoF_dRPXV uS]h`NTSaoRYF>_+'qU*òXa _`cO_dU`FE -·s]z\./XV4FhBUWNYEGF iIr Q 8 E!SVUWADFE!SaU`NTeSaR\DhWX]DRPFEeFZU`h(SaR7UWX2SaEGNPR¥UWX]ZDNTSaZÆ_`c^_kUWFE UWADFX4h`cNP_ UWXF_dUWSaoRYNT_dAvUWADNP_h`F>_dQDRYUIX]h{UWADF!\<Fh`U`QDhWpF b _dc^_dU`FE[
2NP_dU`X4h`NTeS]RYRPcÑU`AoNP_!\oh`X4DRYFE Su]FhWNT_dF4mNYU`AU`AoFmX4h`ÃX]  Sa\DRTS]eF[S]Z b  S]]h(SaZD4F]7U`XÑUWADFoh(_kU
X4h`EQDRTSVU`NPX]Z{X]DU`AoF/Su4Fh(Sa]NPZDB\DhWNYZpeNP\DRYF/SaZ b U`ADF/DNPhdUWAXaoU`ADF/\pFhdUWQDhWoSVUWNYX4Z{U`ADFX]hWc]lmX4Zo_`N b FhWS]DRPF
\oh`X4]hWF_W_{NYZÃU`ADNT_K\Dh`X4DRPFEAoS]_<FFZS]e(ADNPF4F b NPZÃUWADF,h(SaEGF/X]hWvXaU`AoFJ+X]RPEGX]]X4h`XV 8#hWZDX]R b 
MX4_`Fhw-JL8;M
.4-ÌX4h#EGX]hWF b FUWS]NYRT_#_`FFPs yhtð\oSa4FG|utO|h.
DFE  #G   / W 
oX]h+U`ADFQDZD\<Fh`U`QDhW<F b +SaEGNPR¥UWX]ZDNTSaZv_dc^_dU`FEc-y@v\.U`ADFK\DAoS4_dFK_d\pS]eFNP_+X]RPNTSVU`F b Oc[NYZOVSahWNPS]ZU2U`X4h`N! eX]Zo_dU;_ S4e(AU`X]hWQo_,eSahWh`NPF_KX4Z SÆeX]Z b N¥UWNYX4ZoSaRPRYc¸\pFh`NPX b NTe-EGX]U`NPX]ZN¥UWAÀeX]Zp_kU(SaZU!h`F>QDFZ^
eNYF>_w%(':* a [ 4 r a +':*W8 U`X4h`Qp_X]ZÆAoNPe(AÆUWADF,hWFQDFZoeNPF_w%(')+*w>' % ? ':*U"AAAB" % T')+*K*{SahWFh(SVUWNYX4ZoSaRPRPcNYZ b F\<FZ b FZUmNT_<oRPRPF b!b FZo_dFRYcKOc\oAoS]_`FBU`h(SVjkF>eU`X4h`NPF_L^Qoe(A,S U`X4h`Qo_òNP_m_`S]N b UWXpF C+M
4  / G@BADFGh`FE!SaNPZDNYZoUWX]hWN<
 eX]Zo_dUIX]ZvADNPe(AU`AoFhWFQDFZoeNPF_{S]h`FKh(SVU`NPX]ZpSaRPRYc b F\pFZ b FZU
S]h`F_WSaN b UWX{pF 4  / 6_ S]e(AG\DApS]_`FmUWhWSajkFeU`X]hWc{X]Z!_`Qoe(AGS U`X]hWQo_SoRPRT_ b FZp_dFRYcS UWX]hWQo_7Xa"_`EGS]RYRPFh
b NYEGFZp_dNPX]Z 
lmX4Zo_dN b Fh-ZDXV U`ADFv\pFhdUWQDhWpF b _`cO_dU`FE -°s4z\.  2Z b Fh[S_`QD\D\DRPFEGFZU(SahWc eX]Z b N¥UWNYX4Z9X]Z9U`ADF
hWFQDFZoeNPF_7U`AoF-UWADFX4h`FEXaJ+X]RPEGX]]X4h`XV - sªyht\oSa4F|>~]s\.S]_W_dFhdU(_UWAoSVU>iX]hG_`Q,eNPFZU`RPcÃ_dE!S]RYR
+SaEGNPR¥UWX]ZDNTSaZ\pFhdUWQDhWoSVUWNYX4Zo_/EGX4_dU,ZDX]ZDhWF_`X]ZoS]ZUKNPZOuS]h`NTSaZUGU`X4h`N b XÆZDXaU,VSaZoNP_`A DQ^USahWF[X]ZDRPc






 ! " |Vt
b FZo_`FRPcpRYRPF b NYU`A\oAoS]_`FeQoh`4F_B@BAoF_`F{U`X4h`NSahWFeSaRPRPF b U`AoF   4	    
 +@BADFNPh2QDZoNYX4ZNP_
UWADF    4	  W @BADF2EKF>S]_`QDhWFXaU`ADF+eX]EG\DRPFEGFZ4UmXaU`ADFJ2X4RYEGX]4X]hWXV{_dFU b XOF_iZoXaUòFf^eFF b
SGQoS]Z4UWN¥UkcXaX4h b Fh , Q
D6C G W S  &H H-I JZ I	S
:¾Z_dc^_dU`FEG_mNYU`A,Uk/X b F]hWFF>_ X]"h`FF b X4EUWADF+\oAoS]_`F+_`\oS]eF2NT_mX]QDh` b NYEGFZp_dNPX]ZoS]RpS]Z b U`AoF+FZDFhW]c
RPF4FR/E!SaZDNYX]R b _GSahWF,UWADh`FF b NPEKFZo_`NYX4ZoSaRÃLONYZpeFU`ADF J+X]RPEKX4]X4h`XVUWX]hWNSahWF,Uk/Xa b NYEGFZo_dNPX]ZpSaR7S
\oAoS]_`FeQDhW]FB_kU(Sah`U`NPZDINYZ!S 4S]\<FUk/FFZUk/XLJ2X4RYEGX4]X]hWXV+U`X]hWN^hWFE!SaNPZo_X]hWF4FhU`h(Sa\o\pF b <FUk/FFZ
UWADFE[/@BAQp_^UWADF_`RYXV´VSahWNPS]DRYF>_Bh`FE!SaNPZX4h`F]FhZoFSahWRPceX4Zo_kU(SaZUDS]Z b U`ADFSu]Fh(Sa4NYZo\DhWNYZpeNP\DRYF
RPFS b _/U`XKUWADFeX4h`hWFeUBS]Zo_d/Fh>
:¸<U`ADFZOQDEpFh  X] b F]hWFF>_X]ohWFF b X]E NT_7]hWFSaU`FhUWAoSaZUk/XoVUWADF   b NYEGFZp_dNPX]ZoS]RIJ2X4RYEGX]4X]hWXV
UWX]hWN b X+ZDX]U b NYON b FòUWADF4']  * i *° b NPEGFZo_`NYX4ZoSaRFZoFhW]cIRYF]FR4E!SaZoN¥X4R b _]_`X#UWAoSVUU`ADFd4S]\o_ <FUk/FFZJ+X]RPEGX]4X]hWXVBU`X]hWN4S]h`F eX]ZDZoFeUWF b UWX2X4ZDFòSaZoXaU`AoFh> 8#hWZDX]R b eX4ZVjkFeU`QDhWF b U`AoSaUðU`Aoh`X4QD]AS]ZSahWDN¥UWhWS]h`c
_`E!SaRPR^ZDFNP]AO<X]hWADXOX b X]S]Zc\pX4NYZUiU`AoFhWF/\pS]_W_7\DAoS]_`FBU`h(SVjkF>eUWX]hWNYF>_S]RYX4ZD ADNPe(AKUWADF#_dRPXVVS]h`NTSaDRPF_ b X ZDXaU[hWFE!SaNPZÀZDF>SahWRYcµeX4Zo_dUWSaZU> E2QDEGFhWNPeSaR FfDSaEG\DRPF__`ADXV U`AoSaU-UWADFvF]X4RYQDU`NPX]ZÀX]J NP_
ZoXaU b NYhWFeU`NPX]ZoS]R7DQ^U{h`F\DhWF_`FZUW_IS-EKX4h`FKX]h RPF_W_IhWS]Z b X]E BSaZ b FhWNYZD-NYZU`AoFGeX]EG\DRPFEGFZU{XamU`ADF
J+X]RPEGX]4X]hWXV_dFUi@BADNT_/pFAoSuONYX4hmNT_/ZoXVZ-S]_   C d d
 (6 




sP|ut  :82h`ZoX]R b   6  
)b4 6/d! N  !  
)b  ebu6
)bW   h(S b QpSVU`F@FfOUW_ NYZMSaU`A  >]zD
LO\oh`NPZD]Fhd iFhWRTSao6E#FB X4h`|/v]~\vD 
 D N  7 D sªyht  : 8#hWZDX]R b    J+X=RYXV 8 : E#FNP_`AUWS b U  
)b    ! "  	    p_iZoec^eRYX4\pF b NPSÑX]
MSaU`ADFE!SVU`NTeS]RðL^eNPFZpeF_ iX]RosooLO\DhWNYZD4Fh` iFh`RTSapK/Fh`RPNYZv|v\v]so 
 N ¤m N  7 *  s sItwo  ul/SaRPRPXaUu@I>LDSahWN·VLU`hWX]<X4_WeX4\DNPFFUðEGXVc]FZDZDNT_`SaU`NPX]Z b SaZp_"RYF>_ð_`c^_kUWCEGF_ b  4QpSVU`NPX]Zp_ b NY  hWFZ^
UWNYFRYRPF_ _`X]RPQ^U`NPX]Zp_#h(Sa\DN b FEGFZ4U+X4_WeNPRYRTSaZU`F>_pNYZ <  6  
)b J/   Td  /d pNW +M
  8  !    ! 
  Td   
 	C  /b4W  
	  !]  il E2n2Lvg7SahWNT_i|/v]~]so saH6<u¾s <aso 

 /* 7  s H@tL ElmADXV{ _ MÑ b F!w]S]]Fhn{  QDU=] @BAoFK4ADX4_dU _`X]RPQ^UWNYX4Zo_2X]òUWADFRPX]4NP_dU`NTeFQoSVUWNYX4ZSaZ b
S-_dNPZD]QoRPS]h2\<Fh`U`QDhWoSVUWNYX4Z\DhWX]DRPFE[NYZ   d!Tb  
  `TI 
C  )IdNW IIYd   "Td     
    2QDoRYNPZ -k|v4~aH .   d I   `TI   W />-d|v]~]Hl.<|!<ukyazo
 
  Do¤m D N   N s <htn{  Q^U4=]  NYZUWh`Qo_`NPX]Z b F#R  SaZoS]RYc^_`FZDX]Z,_dUWS]Z b Sah bGb SaZp_iR   UWQ b F b F_ò\pFhdUWQDh`pSVU`NPX]Zp_ _dNPZD4QDRYNPChWF_
    
   $ D¡ $C$  -d|v]~4s\.<|>zD|W|H4zD  
  Dp¤m N $  N s >It  ag7S]_WeX4RYN   	)
 




|>~    

s t/twoC8LDSaZ b FhW_ m iFhWAOQDRT_kU>  W4	
	  )Id
 "
 4  C
)b    !  "  8#\D\DR
MSaU`A <L^eNPFZoeF_ <]~DoLO\DhWNPZD]Fhd iFhWRPS]o6E#FB X4h`|/v]~ <D 
  o¤ò * 7  D N s ~It@IVL^SahWNuLOQohRTSBU`A  X]hWNPFòS]_`cOEK\DU`XaUWNPQDF b F_ðX4_WeNPRYRTSVUWNYX4Zo_"ZDX4Z_kU(SVUWNYX4ZoSaNPh`F>_  ; W 
   $ D¡ $C$ -d|v]~4s\.<|Ho|W|!<a~D  
  DpD * 7 $ ðs vIt@I L^S]h`NL^cO_dU`CEGF_+AoSaEGNPR¥UWX]ZDNPFZo_ \oSah(SaEGCUWh`F>_#RPFZU`FEGFZU+VSahWNTSaDRPF_  I 
   )O  
0
  * -d|v4~t@."|]|>sV(|sD|4  
     + 7 sP|z@tI@I7L^SahWNgFUWN¥UWF,ADNT_kUWX]NPh`F b F!RTS_kUWh`X4pX_`eX]\DNPF]ðNYZ <    u  eb 
W     
d
	      
`  h DLUWhWS4_d<X]QDhWa +<FhWZoSaN |/vVv<^OgiQDDRPNPeSVUWNYX4Z:kn M 8! #ZDNPoLU`h(S]_`<X]QDhW-d|vVv<V.I<VW|!<^ 
 Di * 7 $/$  sP|]|tI@IuL^SahWNuLUWh`X4pX_`eX]\Oc2S]Z b 8ð4Fh(Sa4NYZDpNPZ <      eb 
W   W 
4(d 	     xM
 
` / ðLU`h(S]_`<X]QDhWa +pFh`ZpSaN |/vVv <D"giQDDRPNPeSVUWNYX4Z :kn M 8 #ZDNPðLU`h(S]_`<X]QDhW9-k|/vVv<V.
|uy<u(|)<]~D  
 oD * 7  $ sP|>yIt  n{òLOEGNYU`A    
6	@I  M ` W I4 






DhWN b ]F  #ZoNY4Fh(_dNYUkc,gihWF_W_pl/S]EDhWN b ]F]"|/v]~<^  
  o¤ò * 7  $ sP|s@t{L"pLU`Fh`ZO<FhWo      
 ebu6
)bW      o8K/FZVjdSaEGNPZ:¾Zpea E#F  X4h`"|/v>Vvo
yÊ SBy
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
